Fragrances such as synthetic musk compounds are commonly used as additives in a wide range of consumer and personal-care products. At the end of their life cycle, most of these compounds will end up in municipal sewage systems. In this work, we report the occurrence of selected polycyclic and nitro musk compounds in sewage sludge, influent, effluent, as well as some industrial wastewater samples collected in Canada. A newly developed supercritical carbon dioxide extraction technique was used for the extraction of residual musk fragrances in the sludge. Final analysis was performed by gas chromatography/ mass spectrometry (GC/MS) using electron-impact and methane negative ion chemical ionization techniques. The results indicated that Galaxolide ® (HHCB), Tonalide ® (AHTN), musk xylene (MX), and musk ketone (MK) were the most common musk compounds in the Canadian environment, as they were found in every sample in this study. In the same sludge sample, levels of HHCB and AHTN (ranging from 1.3 to 26.7 µg/g) were often found to be about 1000 times higher than those of MX and MK (ranging from 1.4 to 422 ng/g). Similarly, in the sewage influent and effluent collected in Ontario, the levels of HHCB and AHTN (ranging from 159 to 2411 ng/L) were much higher than those of MX and MK (ranging from 1 to 84 ng/L). The levels of musk compounds varied widely in industrial wastewaters. In one sample collected from a detergent manufacturer, the levels of HHCB, AHTN, MX, and MK were found to be 54,200, 13,300, 5480, and 2.2 ng/L, respectively. It was also noted that the levels of MX and MK observed in the samples collected from the commercial laundries in Toronto were significantly higher than those found in domestic sewage.
Introduction
Musk fragrances, mainly used in perfumes in the past, are used nowadays in many household products including detergents, soaps, fabric softeners, and personal-care products such as shampoos, lotions, and shaving foams. Originally, natural musk comes from the exocrine glands of the male musk deer (Moschus moschiferus). Since the musk deer is now an endangered species, natural musk is expensive and scarce. For economic reasons, synthetic musk fragrances such as the nitro, polycyclic, and macrocyclic musk compounds have been used as substitutes. The poly-cyclic musk Galaxolide ® (HHCB) and Tonalide ® (AHTN) as well as the nitro musk musk xylene (MX) and musk ketone (MK) have been produced in the largest quantities, with estimated annual productions in Europe of 1473, 385, 40, and 86 tonnes, respectively, for the year 1998 (OSPAR 1999) .
In recent years, the manufacture and application of nitro musk have been drastically reduced, at least in the western world, due to their persistence in the environment, bioaccumulation potential, and toxicological effects on aquatic species. This has led to the use of the less toxic but less readily biodegradable polycyclic musk and more recently, the non-toxic and biodegradable macrocyclic musk compounds as alternatives. The synthetic musk compounds HHCB, AHTN, MX, and MK are slightly soluble in water, with solubilities between 0.49 and 1.9 mg/L. With the log K ow (octanol/water partition coefficients as measured by HPLC) of 4.9 and 4.3 for MX and MK (Tas and van de Plassche 1996) , and of 5.9 and 5.7 for HHCB and AHTN (van de Plassche and Balk 1997) , respectively, these musk compounds are lipophilic and have a tendency to bioconcentrate.
Analytical methods have been developed for the determination of musk compounds in environmental samples. Liquid-liquid extraction with pentane (Bester et al. 1998) or hexane (Yamagishi et al. 1983; Gatermann et al. 1998; Winkler et al. 1998) , solid-phase extraction with C 18 Speed Disk (Simonich et al. 2000) or the NEXUS cartridge (Osemwengie and Steinberg 2001) , steam distillation with cyclohexane (Fromme et al. 2001) , and solid-phase microextraction with polydimethylsiloxanedivinylbenzene (PDMS-DVB) and Carbowab-PDMS fibres (Winkler et al. 2000; Garcia-Jares et al. 2002) have all been applied, with good success, to the extraction of musk in natural water and sewage effluent samples. Accelerated solvent extraction (Draisci et al. 1998 ) and Soxhlet extraction (Fromme et al. 1999 (Fromme et al. , 2001 Kallenborn et al. 1999) have also been applied to fish, suspended particulate matter, and air samples adsorbed on polyurethane foam plugs and glass fibre filters. For wet sewage sludge and sediment, hexane extraction (Herren and Berset 2000) as well as steam distillation (Fromme et al. 2001 ) have been used.
In an earlier work, nitro musk compounds were analyzed by gas chromatography with electron-capture detection (Yamagishi et al. 1983) . Recently, analysis of musk compounds was mostly carried out by gas chromatography-mass spectrometry (GC/MS) in the electron impact mode. Due to its better sensitivity toward some electron-capturing compounds, GC/MS in the negative-ion chemical ionization (NICI) mode has also been applied to the analysis of the nitro musk compounds (Kallenborn et al. 1999) and their metabolites (Herren and Berset 2000) .
The occurrence of the polycyclic and nitro musk compounds in air, water, and sediment samples has previously been reported (Yamagishi et al. 1983; Bester et al. 1998; Gatermann et al. 1999; Kallenborn et al. 1999) . Contamination by musk in sewage effluent (Gatermann et al. 1998; Simonich et al. 2000; Fromme et al. 2001; Osemwengie and Steinberg 2001; Ricking et al. 2003) and sewage sludge (Herren and Berset 2000) has been documented. There were several reports on the detection of the four musk compounds, HHCB, AHTN, MX, and MK, at low ng/g levels, in fish, shellfish, and other biota samples collected in various parts of the world, including Canada (Yamagishi et al. 1983; Gatermann et al. 1999) . Polycyclic musk fragrances have also been identified in human adipose tissue and breast milk (Rimkus and Wolf 1996) . As a result, concern has been voiced about the bioaccumulation of these ubiquitous compounds in fish, wildlife, and humans. In this study, we report the occurrence of musk compounds in Canadian sewage sludge and wastewater samples, on which few data are available in the literature. We also describe a newly developed supercritical fluid extraction technique for the extraction of musk in sludge.
Experimental Sample Collection
Grab samples of sewage sludge, in volumes from 1 to 4 L, were collected by sewage treatment plant personnel and shipped to our laboratory by courier. Excess water in each sample was decanted and the resultant thick slurry was dried by air at room temperature. The dry sludge was then crushed and mixed with a micro-mill (Bel-Art Products, Pequannock, N.J. 07440 U.S.A.) and the powder was sieved through a screen with 600 µm opening. The oversized fraction was either returned for further blending or discarded. Pulverized samples of sewage sludge were stored in tightly closed glass jars with Teflon-lined screw caps at room temperature.
Composite (24-h) samples of sewage influent, effluent, and industrial wastewater were extracted, where feasible, within 4 h after collection. Where this was not feasible, the samples were kept in the dark at 4°C and they were extracted in less than 48 h to minimize any potential biodegradation of the musk compounds.
Chemicals and Reagents
Six polycyclic and five nitro musk compounds (Table 1) were selected in this work. They included Cashmeran ® , 6,7-dihydro-1,1,2,3,3-pentamethyl-4-(5H)-indanon (DPMI); Celestolide ® , 4-acetyl-1,1-dimethyl-6-tert-butylindan (ADBI); Phantolide ® , 6-acetyl-1,1,2,3,3,5-hexamethylindan (AHMI); Traseolide ® , 5-acetyl-1,1,2,6-tetramethyl-3-isopropylindan (ATII); Galaxolide ® , 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethylcyclo-penta [g]-2-benzopyran (HHCB); Tonalide ® , 7-acetyl-1,1,3,4,4,6-hexamethyltetralin (AHTN); musk ambrette, 2,6-dinitro-3-methoxy-4-tert-butyltoluene (MA); musk xylene, 1-tert-butyl-3,5-dimethyl-2,4,6-trinitrobenzene (MX); musk moskene, 4,6-dinitro-1,1,3,3,5-pentamethylindane (MM); musk tibetene, 1-tert-butyl-2,6-dinitro-3,4,5-trimethylbenzene (MT); and musk ketone, 1-tert-butyl-3,5-dimethyl-2,6-dinitro-4-acetylbenzene (MK). Stock solutions, in cyclohexane, of polycyclic musks (at 100 µg/mL) and nitro musks (at 10 µg/mL), were purchased from Promochem GmbH (Wesel, Germany). Mixtures of the above musk compounds, in iso-octane, at 500 and 50 pg/µL (polycyclic musk) as well as 50 and 5 pg/µL (nitro musk), were prepared for use as calibration standards.
Supercritical carbon dioxide (SFE grade, without helium head pressure) was manufactured by Air Products. Distilled-in-glass grade solvents including acetone, dichloromethane (DCM), ethyl acetate, iso-octane, methyl tert-butyl ether (MTBE), and petroleum ether (b.p. 30-60°C) were purchased from Caledon or Burdick and Jackson. Silica gel (100-200 mesh, product no. 02747) was a product of ICN Adsorbentien.
Supercritical Fluid Extraction (SFE) of Sludge Samples
Musk compounds in the sewage sludge samples were extracted by an SFE method using supercritical carbon dioxide. Prior to an extraction, a piece of filter paper was placed near the bottom of a thimble and this end of the thimble was then sealed by a cap. This was followed by the addition of 200 mg of solvent-washed celite, a previously air-dried and pulverized sample of 100 mg, and 100 µL of a 1:1 (v/v) mixture of acetone and DCM on the sample. The void volume inside the thimble was reduced by a piece of glass rod of suitable length and diameter. After the top end of the thimble was sealed by another cap, SFE was carried out with a HewlettPackard 7680T module at 80°C, using non-modified CO 2 of a density of 0.79 g/mL (at a pressure of 35.8 MPa). The static and dynamic extraction times were 2 and 20 min, respectively, and the flow rate of supercritical a The underlined ion was used for quantitative analysis of the musk compounds in SIM mode.
* NCI was not used for the detection of polycyclic musk compounds and musk tibetene because of low sensitivity.
CO 2 was 2 mL/min during the dynamic extraction step. Nozzle temperature was 50°C. The ODS trap temperature was kept at 10°C during extraction and at 45°C during rinsing. At the end of the extraction, the musk compounds adsorbed on the ODS trap were eluted with acetone in two aliquots of 1.5 and 1.0 mL, respectively. The extracts were then combined, with hexane rinses, and followed by the addition of 1 mL of iso-octane. The extract was then evaporated, by a gentle stream of nitrogen, to ca. 1 mL in a water bath with a temperature of 40°C. To ensure the complete removal of acetone for the following silica gel cleanup, another 1 mL of hexane was added, and the volume was reduced to 1 mL again by nitrogen.
Accelerated Solvent Extraction (ASE) of Sludge Samples
For a comparison of extraction efficiencies, ASE of the sludge samples was also attempted for the musk compounds. In this case, the sample (1 g) was extracted by a 1:1 (v/v) mixture of acetone and hexane at 100°C and a pressure of 14.1 MPa in a 22-mL thimble. The void volume in the thimble was filled by pre-washed Ottawa sand. The pre-heat, heat, and static times were 5, 5, and 10 min, respectively. Flush volume was 100%. Purge time was 60 s and the number of static cycles was two. After extraction, the volume of the extract was reduced to 25 mL. A 5-mL aliquot was removed and the solvent was exchanged into 1 mL of iso-octane for column cleanup.
Liquid-Liquid Extraction of Water Samples for Musk Compounds
Sewage influent, effluent, and industrial wastewater samples were filtered through a GF/C filter in an all-glass system under reduced pressure. To an aliquot of 500 mL of a sample, 10 g of sodium chloride and 50 mL of petroleum ether (b.p. 30-60°C) were added. After stirring for 30 min, layers were separated in a separatory funnel. The sample was extracted a second time for 15 min with another 50 mL of petroleum ether. The combined organic extract was passed through a layer of anhydrous sodium sulfate and then it was evaporated with a rotary evaporator, in the presence of 1 mL of iso-octane as a keeper, to a volume of ca. 5 mL. It was further evaporated by nitrogen in a graduated test tube to 1 mL for column cleanup.
Cleanup of Sample Extracts
Cleanup of sludge and water extracts was carried out in a disposable Pasteur pipette filled with 5 cm (ca. 0.7 g) of 5% deactivated silica gel. The sample extract obtained above was applied to the column after it was washed with 3 mL of hexane. The column was then eluted with 5 mL of 1/99 (v/v) acetone/hexane and this fraction was discarded. The musk compounds were then eluted by 10 mL of 5/95 (v/v) acetone/hexane. This fraction was collected, evaporated, exchanged into iso-octane, and adjusted to 1.0 mL for GC/MS analysis. Some sludge extracts may contain sulfur and/or sulfur compounds that could interfere with the analysis of AHMI. Shaking the extract with mercury or activated copper until the metal remains shiny will eliminate this problem.
GC/MS Analyses of Musk Compounds
Chromatographic analyses of musk compounds were performed by a model 6890 gas chromatograph equipped with a 7683 automatic liquid sampler and a 5973 Mass Selective Detector (Agilent Technologies, Mississauga, Ont., Canada). Separation of musk compounds was achieved by a 30 m x 0.25 mm I.D., 0.25-µm film thickness, HP-5-MS capillary column using the following temperature program: initial temperature 70°C, 1 min hold, oven temperature programming rates 30°C/min from 70 to 150°C, 10°C/min from 150 to 190°C, 1°C/min from 190 to 195°C, and then 30°C/min from 195 to 280°C. The oven temperature was kept at 280°C for 7.5 min to remove the less volatile co-extractives. Constant carrier (helium) flow rate was maintained at 0.9 mL/min. Injector temperature was 250°C. Samples in 1-µL aliquots were injected in the splitless mode with a splitless time of 1 min.
Both electron impact (EI) and methane negative ion (NCI) GC/MS have been used for the detection of musk compounds. Full scan EI mass spectra of polycyclic and nitro musk compounds were obtained from m/z 40 to 400 with electron energy of 70 eV. Full scan NCI mass spectra in the same mass range were also obtained for the nitro musk. For quantitative analyses, selected ion monitoring (SIM) in the EI mode was used for polycyclic musk compounds and SIM in NCI mode was used for the nitro musk compounds. The characteristic ions chosen are listed in Table 1 .
Results and Discussion

Detection of Musk by GC/MS
In most of the earlier works, chromatographic separation of musk compounds was achieved by a slightly polar capillary column such as a DB-5 or HP-5 column. In this study, all polycyclic and nitro musk compounds were adequately resolved by a 30-m HP-5-MS column using a temperature program described above. While the retention times of ATII, HHCB, AHTN, musk ambrette, and musk xylene were very close to each other, cross interference in the quantitative analysis of these compounds would not happen when the ions were chosen judiciously for selected ion monitoring (Table 1) . It was noted that HHCB had a peak width greater than the other musk compounds. This was due to the presence of four stereoisomers, namely, (Fráter et al. 1999 ) and they were not resolved by the HP-5-MS column. With the polar Supelcowax 10 column, a partial separation of the HHCB isomers, showing two non-baseline resolved peaks, has been reported (Draisci et al. 1998) .
(4S,7R)-(-)-, (4R,7S)-(+)-, (4R,7R)-(+)-, and (4S,7S)-(-)-Galaxolide ® in this odourant
Mass spectra of the polycyclic and nitro musk compounds have been published in the literature (Draisci et al. 1998; Bester et al. 1998 ). These compounds exhibit strong and characteristic ions, including the molecular ions, under electron-impact conditions. They produced a base peak at (M-15) + , except for ATII, which had a base peak at (M-43) + (Table 1) . For many workers, EI-GC-MS in SIM mode is the preferred technique for the quantitative analysis of musk compounds in environmental samples. While methane negative ion chemical ionization mass spectrometry was less sensitive for the detection of polycyclic musk, it was over 10 times more sensitive for the detection of MX and MK (Kallenborn et al. 1999) . We have observed a 15-to 25-fold increase in sensitivity for the nitro musk compounds, with the exception of musk tibetene, when methane NICI-MS was applied. This latter technique is thus useful for the detection of MX and MK in environmental samples at low levels.
Supercritical Fluid Extraction of Musk in Sludge
In our previous work on polycyclic aromatic hydrocarbons (PAH), we were able to recover nearly all of them, quantitatively, from sediment samples by supercritical carbon dioxide extraction using a polar modifier such as a 1:1 mixture of DCM and acetone (Lee et al. 1993) . As musk and PAH have similar structures, it was thought that SFE could be applied to the extraction of musk from sludge samples. While SFE is not the most popular technique for the extraction of organics in solid samples, it can be very selective as well as time-and solvent-efficient. As the extract is concentrated in a small amount of solvent, evaporative loss of volatile compounds can be reduced as very little solvent evaporation is required. Using two stock samples, sludge A (a raw sludge sample) and sludge B (a digested sludge sample), we have examined the effects of extraction conditions on the recovery of musk compounds. As shown in Table 2 , no significant difference in recovery of HHCB, AHTN, MX, and MK was observed for these two samples between a milder extraction condition (i.e., lower CO 2 pressure/density and temperature) and a more vigorous extraction condition (i.e., higher CO 2 pressure/density and temperature). There was also no significant difference in musk recovery between the two modifiers, namely, water and 1:1 DCM/acetone. A second extraction of the same sludge sample yielded less than 1% of musk compounds found in the first extraction. These results suggested that musk compounds were readily extracted by the SFE technique. For subsequent extractions, the extraction temperature of 80°C and the addition of 1:1 acetone/DCM modifier were used for all samples. Similar musk results were also obtained from the ASE extracts of these sludge samples ( Table 2 ), indicating that SFE procedure was an efficient alternative for the extraction of musk compounds in sewage sludge samples.
Extraction of Musk in Water
A number of existing techniques have been successfully applied to the extraction of musk in water samples. While solid-phase microextraction (SPME) of musk is rapid, it is not used in our work since it does not provide an archived extract of a sample for further analysis. We have attempted solid phase extraction of musk using Waters HLB cartridges and were unable to obtain good (>80%) recoveries for these relatively volatile compounds. In this work, the simple and proven solvent extraction procedure of Yamagishi et al. (1983) using a low boiling solvent such as petroleum ether (b.p. 30-60°C) was selected for sewage and wastewater samples. These authors have reported quantitative (>90%) recoveries for MX and MK in distilled water samples at ng/L levels.
Recovery and Detection Limits
Spiked samples were also used to generate % recovery data on water and sludge samples. In a replicate analysis (n = 4) of fortified distilled water samples, the recovery of musk was better than 87%. Based on a concentration factor of 500, the estimated detection limits for polycyclic and nitro musk in wastewater were 4 and 0.1 ng/L, respectively. For the recovery of musk in sludge, a previously solvent-extracted sediment was fortified with the musk compounds and was extracted by the SFE procedure. The mean recovery (n = 4) of the six polycyclic and five nitro musk compounds (at 1 and 0.1 µg/g, respectively) were between 87 and 97% with standard deviations better than 5%. The estimated method detection limits for polycyclic and nitro musk compounds in sludge were 30 and 1 ng/g (dry weight basis), respectively.
Musk in Sewage Sludge
In the present survey of musk compounds, ADBI, ATII, HHCB, AHTN, MX, and MK were detected in all 27 sludge samples collected from 19 sewage treatment plants (Table 4) . AHMI was detected in all except two samples. In contrast, DPMI and the other nitro musk com- a Spiking levels, 100 ng/L (polycyclic musk) and 10 ng/L (nitro musk). b Spiking levels, 1000 ng/g (polycyclic musk) and 100 ng/g (nitro musk). pounds, MA, MM, and MT, have not been detected in any sample. The two most abundant musk compounds in sewage sludge were HHCB and AHTN, with concentrations ranging from 1.34 to 26.7 µg/g (median 13.2 µg/g) and from 5.36 to 20.6 µg/g (median 9.44 µg/g), respectively, on a dry weight basis. Levels of ATII, ADBI, and AHMI were lower, with median concentrations of 1.65, 0.23, and 0.11 µg/g, respectively. The concentrations of MX and MK in the sludge samples were much lower, with ranges from 1.4 to 422 ng/g (median 5.1 ng/g) for MX and from 1.4 to 364 ng/g (median 8.3 ng/g) for MK, again on a dry weight basis. These findings are consistent with the production figures and are similar to those reported in the Swiss study for polycyclic and nitro musk compounds in sewage sludge (Herren and Berset 2000) . For yet unclear reasons, the digested sludge tended to have higher levels of polycyclic musk compounds than the raw sludge collected. For example, the median concentrations for ATII, HHCB, and AHTN in the digested sludge (15 samples) were 1.87, 14.5, and 12.3 µg/g, respectively. They were up to 54% higher than those found in raw sludge (12 samples) with median concentrations, in µg/g, of 1.35 (ATII), 11.9 (HHCB), and 8.01 (AHTN). However, the opposite was observed for the two nitro compounds, MX and MK. Their respective median concentrations in raw sludge, 19.0 and 145 ng/g, were significantly higher than 3.3 and 4.5 ng/g found in digested sludge. Analysis of musk data for sludge (and for wastewaters) using statistical techniques such as Principal Component Analysis has not been carried out as it is beyond the scope of this report.
Musk in Sewage Influent and Effluent
With a few minor exceptions, those musk compounds that have been detected in sewage sludge were also detected in all sewage influent and effluent samples collected in six Ontario cities. The overall range and median concentrations for each compound in influent and effluent are listed in Table 5 . Since those values were determined on filtered (1.2 µm) samples, they represented the dissolved rather than total musk concentrations. Again, the two predominant compounds in both influent and effluent were HHCB and AHTN. The median concentrations of HHCB and AHTN in the influent were 1780 and 791 ng/L, and those in the effluent were 915 and 422 ng/L, respectively. By comparison, our results for HHCB and AHTN in sewage effluent were similar to those cited by Ricking et al. (2003) . However, they were lower than those reported by Fromme et al. (2001) on unfiltered samples collected in Berlin, Germany, but higher than those determined by Osemwengie and Steinberg (2001) for filtered effluent samples collected at an undisclosed location in the U.S.A.
MX and MK were also detected in all influent and effluent samples, again at much lower concentrations than HHCB and AHTN. The median concentrations for MX and MK in the influent were 7.5 and 39.0 ng/L, respectively. For the effluent, the respective concentrations were 6.2 and 44.0 ng/L. Our influent results for the nitro musk are much lower than (79) <4 (32) 8 (451) 466 (6300) 159 ( 15 (15) <4 (5) 47 (49) 915 (882) 366 ( those reported by Yamagishi et al. (1983) , Gatermann et al. (1998), and Simonich et al. (2000) on unfiltered samples. A cause for this discrepancy in the musk levels is attributable to the adsorption of the musk compounds onto sludge and other particulate matter in the influent, as they usually have substantial amounts of suspended solids. This hypothesis was supported by the results of an extraction of the Guelph samples without prior filtration. As shown in Table 5 , the unfiltered influent produced much higher levels of polycyclic musk compounds than the filtered sample (e.g., 6300 versus 466 ng/L in HHCB, 129 versus 17.4 ng/L in MX). As the effluent had very low levels of particulate matter, the filtered and unfiltered samples collected from Guelph gave very similar results.
It was observed that, in this study, there was an approximately 2-fold difference in the levels of polycyclic musk compounds between the influent and the effluent, suggesting a 50% removal of the dissolved fragrance compounds by the treatment processes. In contrast, there was little difference in the median levels of MX and MK between the influent and effluent, suggesting an insignificant removal of this compound by the sewage treatment process.
Musk in Industrial Wastewaters
Industrial wastewater samples, collected from the commercial laundries, clothing and dyeing industries, detergent manufacturers as well as a few other industries in the Toronto area, were analyzed for the musk compounds. As shown in Table 6 , the musk levels in these samples varied widely, and for some compounds, the overall range was over a factor of 1000. HHCB and AHTN were detected in all 24 samples with median concentrations at 677 and 359 ng/L, respectively. The other polycyclic musk compounds, i.e., ADBI, AHMI, and ATII, were detected at a frequency from 38 to 71%. The highest levels of HHCB and AHTN, at 54,200 and 23,600 ng/L, respectively, were observed in the samples collected from two detergent manufacturers (facilities F and G, Table 6 ). Presumably due to variations in daily production activities of these companies, the musk levels varied significantly for samples collected on different days at the same industrial sites. In contrast, the levels of ATII, HHCB and AHTN detected in wastewater samples collected from the same commercial laundry were rather similar over time. Perhaps due to the use of detergents coming from different suppliers, the musk levels discharged could be quite different too (cf. facilities J and K, Table 6 ).
MX and MK were again detected in all wastewater samples, with overall median concentrations at 99 and 18 ng/L, respectively. While MA was only found (at 12 ng/L or less) in the two samples collected from facility I, the other nitro musk compounds, MM and MT, have not been detected in any of these samples. The commercial laundry sub-group, however, had median MX and MK levels at 179 and 73 ng/L, respectively. It is noteworthy that, in three of the samples, one from a detergent manufacturer Table 6 . (facility F) and two from a commercial laundry (facility H), the levels of MX were above 5000 ng/L. These results suggest that the manufacture and use of detergents containing MX and MK are still widespread in Canada.
Conclusions
Daily use of musk-containing products, particularly detergents for household and commercial applications as well as some personal-care products, has led to a large influx of musk compounds into municipal sewage systems. Results from limited sewage samples examined in this work suggested that there was only a 50% reduction of polycyclic musk compounds in the final effluent as compared to the influent. As these compounds have low water solubility and are not easily biodegradable, the reduction of polycyclic musk compounds by sewage treatment processes probably comes about by virtue of their accumulation onto sewage sludge. HHCB and AHTN, the two most abundant musk compounds in the Canadian environment, were observed at µg/g levels in all sewage sludge samples. The detection of MX and MK in all sludge, sewage, and wastewater samples indicates that the use of these more toxic compounds has by no means been phased out in Canada. Perhaps due to a lower consumption rate, the two nitro compounds were only detected in sewage and sludge at levels from 100 to 1000 times lower than those of HHCB and AHTN. Significantly higher levels of MX and MK were detected in the wastewater samples collected from commercial laundries in Toronto as compared to household sewage. It suggests that the detergents used by this industry sector have a higher percentage of the nitro compounds than those used by the general public.
